A singular boundary-value problem of an elastic half-space subjected to a force vector at one point of the surface is solved. The force vector has three components which are two tangential and one normal forces to the surface. Solutions to the problem are expressed in orthogonal curvilinear coordinates and are applied to rectangular Cartesian, cylindrical and spherical coordinates, as examples of the orthogonal curvilinear coordinates. The expressions for displacement and stress components are demonstrated in these coordinate systems. They are coincident with the solutions of Cerruti's and Boussinesq's problems when the three components of the force vector are specialized.
INTRODUCTION
As some of three-dimensional problems of elasticity, there are singular boundary-value problems for an infinite elastic medium and an elastic half-space. Kelvin's, Cerruti's and Boussinesq's problems2) are well known. Kelvin's problem is one where one point in the infinite elastic medium is subjected to a concentrated force. Cerruti's and Boussinesq's problems are ones where one point at the surface of the elastic half-space is subjected to a tangential force and a normal force, respectively. The problem where one interior point of the elastic half-space is subjected to a vertical or a horizontal force has been solved by Mindlin3). His solution is applied to some boundary-value problems for finite solids by integrating the solution.
For Cerruti's problem among these problems, Saada1) has briefly stated the process of induction which used the. superposition, of the Galerkin vectors. On the other hand, Lur'e2) has stated the process of induction which used potentials of simple layers with densities equal to given forces. Their methods of solution seem, however, to slightly lack the details and the simplicity of the analysis as far as they are concerned with methods of solution to boundary-value problems. Judging from their methods, Cerruti's problem seems to be a little more complicated than Kelvin's or Boussinesq's problem. This paper is concerned with a method of solution to a singular boundary-value problem where one point at the surface of the elastic halfspace is subjected to a force vector with three components, i. e., two tangential and one normal forces. The problem reduces to Boussinesq's problem when two tangential forces are neglected and to Cerruti's problem when one normal and one tangential forces are neglected. Therefore, the problem is considered to be the generalization of Cerruti's or Boussinesq's problem. Although the solutions of Cerruti's and Boussinesq's problems have been represented in specific coordinate systems so far, the solutions in this paper are represented in the expressions for a displacement vector and a stress tensor which are applicable to arbitrary coordinate systems belonging to orthogonal curvilinear coordinates. From the viewpoint of practice, the solutions are applied to rectangular Cartesian, cylindrical and spherical coordinates and demonstrate the concrete expressions for displacement and stress components in these coordinate systems.
BASIC AND SINGULAR SOLUTIONS
We consider a singular boundary-value problem where the surface of an elastic half-space is subjected to a force vector S at one point, as shown in Fig. l (3a-c) and G and v denote the shear modulus and Poisson's ratio, respectively, and u and r denote a displacement vector and a position vector, respectively. If we let t,. denote a stress vector, it is expressed as2' (4) in which n denotes a unit normal vector. Furthermore, if we let Qnc denote a stress tensor, it is expressed as 6nl-tnl (5) in which l denotes a unit tangential vector or a unit normal vector. From Eqs. (3a-c), the particular solutions to scalar and vector potentials are obtained as (6) (7) (4) and (5), we obtain the stress vector and the stress tensor. To make the explanation brief, we express the displacement vector, the stress vector and the stress tensor in the sum of four solutions. Then, we have 2Gu=2G(u{1+u+u+u) (12a) tn=tn+tn2)+tn?+tn (12b) 6nl=a+c1+a+aV (12c) To induce the four solutions as stated below, we use the following formulae5)
(13k, 1) in which cp, b and A, B are scalar fields and vector fields, respectively. 
Thus, the present problem was completely solved.
SOLUTIONS OF THE GENERAL-IZED CERRUTI PROBLEM
If we substitute the known constants obtained in the foregoing chapter into Egs. (14a, c), (16a, c), (17a, c) and (18a, c) and find the sum of four results, we obtain the solutions to the displacement vector and the stress tensor.
Substituting known constant vector (39a) into Eqs. (14a) and (14c), we obtain the following solution As a result, substituting solutions (40a), (41a), (42a) and (43a) into Eq. (12a) and putting in order, the displacement vector is expressed in the form
and substituting solutions (40b), (41b), (42b) and (43b) into Eq. (12c) and putting in order, the stress tensor is expressed in the form
Solutions (44) and (45) to the displacement vector and the stress tensor can be used for arbitrary coordinate systems belonging to the orthogonal curvilinear coordinates.
EXPRESSIONS FOR DISPLACE-MENT AND STRESS COMPONENTS IN SPECIFIC COORDINATE SYS-TEMS
In this chapter, we consider solutions (44) and (45) in specific coordinate systems, for instance, rectangular Cartesian, cylindrical and spherical coordinates. and (53a-f), we obtain the representations in the 
NUMERICAL EXAMPLES
In this chapter, we consider numerical examples of solutions (47a-c) and (48a-f) under a force vector in the form Numerical calculations were made for an elastic half-space with Poisson's ratio v=0. 3 and a standard distance c. The distributions of o, ay, and aZZ at y=0 are shown in Figs. 2-4 . Fig. 2 shows that the value of axx at the surface (z=0) becomes infinite at x=0 and that the decay along the x and z directions is rapid. Fig. 3 shows that the value of a, at the surface becomes infinite at x=0 and that the distribution of a, at the surface is symmetric with respect to x= 0. Fig. 4 shows that the value of azz in the vicinity of the surface becomes maximum at x= 0 and that the decay along the x direction is very rapid.
CONCLUSION
A singular boundary-value problem of an elastic half-space subjected to a force vector with three components, i. e., two tangential and one normal forces, at one point of the surface was solved, and Cerruti's problem was generalized. The use of the generalized Boussinesq solution is convenient to a method of solution to the problem, because the solution of a rotation type is necessary to the analysis of the tangential forces. On constructing solutions, it is the point to need deliberation that the particular solutions to a harmonic function and harmonic vectors included in the generalized Boussinesq solution are successfully determined. Although the calculation of the stress vector in Eq. (4) needs very complicated vector operations, it is carried out by combining formulae (13a-1) well. Since solutions (44) and (45) obtained as a result can be used for arbitrary coordinate systems belonging to orthogonal curvilinear coordinates, they may have considerable generality. From the viewpoint of practice, solutions (44) and (45) were applied to rectangular Cartesian, cylindrical and spherical coordinates and demonstrated the concrete expressions for the displacement and stress components in these coordinate systems. The expressions may have wide applicability, because they include the solutions of Cerruti's and Boussinesq's problems.
For the reasons mentioned above, the author concludes that the solutions presented in this paper should be useful for a singular boundary-value problem of an elastic half-space. 
